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ABSTRACT 

Purpose: Ductal curdnoma in sUti (DCXS) 1? h pr^nvu- 
sWv-stugC bk^i cardnogaieiils thai accounts for ~20~25% 
of tuammographicaliy detected breast c^ncerv. A significant 
fraction of imtreflted DCiS wiU evolve into invasive cancer, 
rai homohgue I QiJRHD is an imprinted tumor jaipprcssor 
gene that U expressed in normal breast epithelial ceUs but 
abseut or <lown-regu]ated In breast cancer ceUs. 'JThis stndy 
investigated the relationship of ARIII expreKsion to the pro- 
gre!»tkin of breast cancer. 

Experimental Design: We aiuJy^ ARHI expression In 
1>CI$» invasive breast carcinoma, and acUacent nonnai 
breast ephhsdinm ftoni 64 fonnalln-nwd, parallin-enibed- 
ded DCIS spedniens by l>oth numraiobistodiemistry and in 
fftor hybrldizHtioii* Wc also analyzed the coirelatioii between 
ARMI expression and progression of breast cancer, as well 
u$ i\ic eomilatlon of ARMI expresaon and cyciin Dl and 
p2pvArt«.irt Bxpression bi DCIS. 

Rtsuita: Normal breast epithelium was found In all of 
the specimens and invasive breast cardnoma was found in 
23 specimens, ARHI mKNA and protein were detected fai aU 
of the normal breast epithelia. ARHI expression w^i^ dis 
tected mahily in cytoplasm und rarely present in tlie nucleus. 
By bistochemtcal ai:»]y5is, ARHI 4;xprc$$iMn was down- 
regulatcd in 41 % (26 of 64) of DCIS and 70% (16 of 23) of 
invasive cardnomas comparing the spedmcns wltb adjacent 
normal breast epltlieltum. When DOS and invasive canoir 
were present in the KauK sample, ARHI was further down- 
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re^tMlatcd in 2$% (6 qf 23) Of invasivis qarcinonw. In four 
cases [4 (17%) of 23] of mvasive cardnoma, ARHI protein 
expression was totally lost. Consistent results were obtained 
with an in sUh hybridi7.atwn assay for ARHI at the 
mlWA leveL Higher levels of ncpresaon of cyclin Dl and 
pZl*^^""^'"* were obttrved In DCIS than in the adjacont 
cpithelia. The expression of cycUn Dl and p21^*'^^»" was 
inversely corrdatod frith that of AUHL 

Conclusions: Our rcHklcs indicate that ARHI expression 
is markedly down^re^niated in DCIS, and a further decrease 
In ARHI expression is associated with progression of breast 
cancer. 

INTRODUCTION 

The natural histoiy of breast cancer involves a scqucntini 
progre^on through defined clinical and pathological stages 
starting with atypical hypcrproKfcration, programing into in 
aiiu, then invasive carcinomas, and culminating in metastatic 
discascr It has been eMimuked that mor« than 46,000 patients 
would be diagnosed with iXlS^ of die breast in 2001, Tcpn>- 
ijttnting 19% of all newly diagnosed breast cancer cases (1). 
t>CSB refers to a heterogeneous gioop of norrinvaiHve breasi 
cancers, and die proper treatment of these lesions remains con- 
trovcrsial. A signiticant fraction of untv«atod DOS will evolve 
into invasive cancer. 

ARW is un imprinted tumor suppressor gene that is ex- 
pressed in normal breast epithelial cells but is down-regulated in 
breast cancer cells (2). ASH/ is a member of the ras supcrfamlly 
Khariug 54-62% amino acid hotnology with rws and rap. The 
hincdon of ARHI. however* dif ft;re from that of the m and lup 
pn^teins. ARHI has been mapped to a region of chroniosome 
lp3l that bu5 been found deleted in u Substantial fraction of 
ovai'ian and breast cancers. The retained allele has been found to 
be imprinted, methylated, and silenced in 7 of d informarivc 
cases (3), consistent with u loss of expression through imprint- 
ing and a LOH of the nonimprinccd allele. To the extent that the 
association of growth regulatory genefi with LOH has signaled 
die presence of tumor suppressor lod^ ARHI is a putative lumor 
Siippressor gene in diese malignancies. Introducdon of ARHI 
can inhibh die growth of tnuisfornicd cells ihdt have tost ex- 
pression of the endogeiu>us gene. The role of AKUl may depend 
on the cellular context in which the protein is expressed. 

To investigate the relationship of ARHI expression to the 
prognssston of breast cancer, we examined ARHI expression in 



^ The ubbreviatM>ns arc; IXTIS, ductal carcinoma in situ; ARHI, ras 
hmtMhft iiumter I; GAPDH. glyccrdidchydc-3-phosphACe dehydrOfi^Jft- 
aKc; RXR-a, rcrinoici X reccpior-a; ISH, in yitu hybridixation; IT1C 
immunohiuQchcmlstry; LOH, loss ol hdjcrozygoKity; OST. glululhiOne 
5-tran<fcra$e; NSS, normal ahoep iscram; RT-lr'Cft, reverse transcrip- 
tion-FCR; NBE, norma] breast epilheJium/epiihelia.i 

EXHierr 
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Ff'S. I Spccillcity and Kcnjii- 
tlvity of hlMtoimmuooctieink%'tl 
staining. A, Westefti bloi anal- 
ysis of 5KBr3 cells transfcctcd 
with pcDNA3-ARHt pcDNA3 
vcclor and parental cells. At- 
row, AKHl protein. B, compar- 
ison of hi&tochcmic^I sUiining 
and Rciniquantiutive RT-PCR 
in SKBr3, MDA-MB-468. 
HBE233. and 5KBz3+ARHI 

CClIiS. 



64 formalin-fixcd, paraffin-enibedded DClS speciTucns from the 
Bi'ciiSL Cancer Tissue Bank at M. D. Anderson Cancer Center. 
We found UiAt ARHI mRNA and protein were identified in u)I 
of the NfiE. ARHI expre.«Aion was down-rcgviated in DClS and 
FuTthcr down-rogutated in invaxlve carcinomDS, 

MATERIALS AND METHODS 

Identification at Patient Muterial. Paraffin-embedded 
archival breast Ussue Ki>eciinens and surgical pathology reports 
for 64 consecutively examined DCIS cases with or without aji 
invasive component wen identified from the pathology data- 
base ofHie University of Texas M. D, Anderson Cancer Center 
durinfi the pwiod of 1986-1999. Twenty-three of 64 DCIS 
specimenjis coniained un invasive component in the same slide. 
An addldonal thnee paraffin-embedded normal breast specimens 
were obtained from the dep:irtment i>f Plastic Surgery. H&£* 
stained slides of each DClS case were reviewed and gmdcd by 
a brtKi5>i puthologist (A. A. S.) uslng standard grading criteria, 
described previously (1). Sododemographic characteristics and 
ciinlcaJ varlaibles were abstrjcced from patients* medical 
records, 

Prcpsired ARHl Monocolonal Antibody. An ARHf 
cDNA fmgmcnt which included all lour GTP binding domuin» 
has been obtained by PCR amplification and fused in-frame into 
pGEX-2T vectors to produce recombinant constructs GST- 
ARHI that expresjied a 53,000 fusion protein of which 
27,000 was GST and 26.000 was ARHI derived. Large 
quantities of fusion protein were prepared and purified by pre- 
parative SDS-PAGE. Rabbit antiserum and murine monoclonal 
antibodies were prepared by standard piutocois. Seven mouo- 
clonul antibodies aguin^t GST- ARHI were obtained and used for 
detecting ARHI protein. 

ARHI h'4fi also been cloned Into bacterial systems for 
expressing 6-His-tagfied protein. Soluble and functional ftiU- 
length human ARHI was purified by Ni-NTA (Qiagcn. Valen- 
cia, CA) affinity chromatography followed by other chiomatD< 
gruphic techniques. We had been able to purify the recvmbitiant 
pARHI and used the protein to gcnetate highly specific mono- 




mi 



clonal antibodie$.^ All of the monoclonal and polyclonal and* 
bodies diat reacted against ARHI were screened in tissue sec- 
tions; the most specific monoclonal antibody ISEl 1 (IgG 1) was 
used in this study. Western blot using this antibody was used to 
analyze the specificity of this antibody, a single band of A/,. 
26,000 protein was 8hcwn in ARHI*transfected breast cancer 
cells but not in patenta] cellR (Fig. \A), 

niC- Staining was performed on 3-fjim ^sections of for- 
malin-fixed, paniffin-cmbcddcd tissue that were rehydratcd 
through graded ethanol. Antigen retrieval wa-; performed by 
heating the sections 3 min under prcssiue in a pressure coclcer in 
10 niM sodium citrate (pH 6,0). Endogenous peroxidase activity 
was quenched by iucubating sections in 3% hydrogen peroxide. 
Slides were incubated in Ultra V Block for 5 min at room 
temperature to block nonspecific stsiinlng. The ARHT mono- 
colonal antibody (IgG 1) applied ovemight at 1.16 p.g/m] in 
1% BSA-PBS at 4"C ovemight. Biotlnylated secondaiy anti- 
bodies were detected with stroptavidin peroxidase by using the 
UltraVi.xnon l^gc Detection System Anti-Polyvalent, HRP 
(Lab Vision Corptiration, Fremont, CA). A diaminoben2idine 
tetrachloride supersensitive subs^b^ite kit (Biogcnex» San 
Ramon, CA) was used to visualize the ancibody-cmtigen com- 
plex. After a final wash with distilled wuter, light oountcrstaln- 
ing was performed with hematoxylin. Sections of normal brcoi^C 
NBE served lUi u positive control. Two negative controls were 
carried out in all samples, ARKT antibody was replac^^ by PBS 
and leukocyte common antigen (LCA) monoclonal antibody 
(IfiGI). 

Immunobistocheraical staining of cyclin Dl and 
p21^^''^'^'^^ (antibodies were purchased from Neomaricen:, 
Fremont CA) wo;; performed following the ptotocol provided 
by the manufacturer. Breast cancer and colon cancer sections 
pTT>vidcd by the manufacturer were used as the positive control* 
for cyclin Dl and p2V^^^^^^\ respectively. Methods for 
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"^R. Z. Luo [ind Y. Yu. unpublished obitcrvarions. 
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Ki-6'7 Staining were described previously (4). Antibody for 
d6£isciion oF Ki-67 ivas purcliased fmm Dako (Carpintcria, CA). 

Preparation of JJigoxigenin>'tobclcd RNA Probe. The 
ARM! cDNA (1012 bp), which jipannc<l the entire open reading 
jraines. was subcloned into plasiTiicTs in orientation with respect 
to either the Sp6 or the T7 promoter site to transcribe antlsense 
or sense RNA probes. The ploymids w^;^c linearized by Small 
digestion and wei-e purified by phcnol-ghloroform-isoamyl al- 
cohol extraction. A tranjcripiion kit (Rochc» Mannheim, Gei- 
many) was used to tr£in.$crib« dii.'oxigcnin-labeied cRNA probes. 
Linearized DNA (1 |jug/ml) was incubated for 2 h at 37^0 irt a 
solution containing transcription buffer, nucleotide triphos- 
phate-labeling mixture. Sp^iorTT RNA polymerase, and RNase 
inhibitor. The reaction was stopped by digesting die DNA 
template with RNasc-fice DNase. The RNA probes wei-e pre- 
cipitated with LiCl and 100% ice-coid ethanol overnight fit 
-70**C, dicn pelleted by centiifugation at 12,000 rpm ut 4*'C, 
and further washed wiiii 70% ethinol. The probes were then 
dried under vacuum and dj.ssolved in 0-1% diethyl pyrocarbon- 
atc water conulning 2 aim EDTA, und their conccnnration was 
adjusted to 100 ng/n^K The digoxigcnin-iabclcd RNA probes 
were stored at -80''C. 

ISH. ISH wa£ carried out Following the procedure de- 
scribed by Xu €t af. (5). Briefly, the sections were deparaf- 
riniv^ed, rehydratcd, and dcprotcinized. The slides were then 
prchybridized at 42**C for i b in Slide Moat Model 240000 
CBoekel Scientific, Feastervtlle, PA) and incubated (50 
slide) with hybridization solution containing freshly dena- 
tured digoxigenin-labeled cRNA probe (0.625 M-g/nil) at 
for 4 h. The sections were washed twice in 2 X SCC and 
further washed in 2x SCC containing 0.29& NSS and 0.5% 
Triton X-lOO for 2 h with mild agitation. For the immuno- 
detection of the \Sh signaJ, the slides were incubated in 
bujffcr 1 (0.1 M maleic acid-0.I5 m NaCl (pH 7.5)] conmiuiji^ 
0.2% NSS and 0.!)% Triton X-100 for 30 min at room 
temperature, and were funher Inenbated overnight at 4^C 
with sheep ami-digoxigemn antibody (0,75 ^2^^ml in buffer 1 
containing 1 % NSS and 0.3% Triton X-100), The slidca were 
then wushed twice in buffer i and then with buffer 2. which 
consisted of 0.1 m Tris-0.1 m NaQ-MgCla (pH 9.5). Tlie 
color reactions were developed by incubating the slides in a 
chromogen solution (45 ^1 ofniiroblue tctrtuoliuni und 35 p-l 
of X-pho$phate solution in 1.0 ml of buffer 2) in humidincd 
light-tight containers^ for up to 6 h, with observation for eolor 
development. The color reaction was stopped by washing the 
slides with Tris-EDTA buffer, and the slides were mounted 
with a cover glass in Aqua moundng medium. 

Tlie specificity of the method w^s confirmed by the neg- 
ative results obtained with ccrre.spondins sense controls, and die 
distinct positive staining patterns obtained with dJgoxigenln- 
labeled GAPDH niRNAs andsense probes (Tetra Linlc Bulf alo. 
NY) and digoxigenin -labeled RXR-a mRMA andsense probes, 
which were a kind gift from Dr. Xu (University of Texas M. D. 
Anderson Cancer Center, Houston, TX) (6), 

Semiquuntkative RT-PCR. Total RNA wus extracted 
Grom different ceils by the Trizo! metliod (Invltrogen, Carisb^d. 
CA). eDNA was synthesized using 2 fi^ of total RNA. Oii- 
go(dT)„s and Superscript II reverse trunjuzriptase (Invftrogcn. 



Carlsbad. CA) were used for the reverse transcriptase reaction 
according to the manufacturer's instructions. Semiquantitative 
RT'PCR was performed in Agilent 2100 BioanaIy%er (German- 
town, MD) uecording the instnicdons of the manufiicturer with 
two geno-spcctfic primers: NY2P1, 5'-TCTCTCCGAG- 
CAGCGCA-3\ and 3Y2SP2, S^CGTCGCCACTCTTGCT- 
GTCG-3'. The amount of ARHl expression Wiij^ normalized to 
a human GAPDH endogenous refei-ence standard »nd was pre- 
sented a5 the ratio of ARH1:GAPDH. 

Tr^msfection and Western Blot Analysis^ Breast cancer 
cell line SKfir3 was transfected with peDNA3 vector only or 
widi pcDNA3-ARin described previously (2). Cell )ysaw?$ 
were analyzed by Western blot as described previously (2), 
using the some antibody 15£il as in tlie immunohistochemical 
staining. 

Semiquantitative Estimadnit Tor Immunohistochemicai 
and ISH Staining Results. The cytoplasmic intensity and 
proportion of positive cells For ARHJ THC and ISH staining 
were determined for the NBE. the DCIS. and the invasive 
carcinoma. On the basis of criteria u-sed by similar publications 
(7), wc prospectively chose 10% «s a cutoff for positive-staining 
cells and used a subjective scale (— to + + +) to classify 
staining patterns, as follows; (a) no staining; {b) -i- , weak 
staining; (c) + + , moderate staining; and (rf) +"4-+, intense 
Staining. If (c) or (e/) was evident, the specimen was considered 
to be strongly positive. We examined a subset of four osW lines 
with different expression level [breast cancer cell lines SKBr3 
and MDA.MB-46S, NBE 233, and SKBr3 transfected with 
pcDNA3-ARHI (SiCBr3+ARHI)1 by immunohistochemicai 
Staining and semiquantitative RT-PCR. Four cell lines were 
fixed in 90% ethanol. The pellets were embedded in paraffin and 
Stained as described above. Fig. \B shows the correlation of 
immunohisiochemical staining intensity and ARHI expres- 
sion levels by semiquantitative RT-PCR. For cyclin Dl, 
p2|WAFi/cipi^ Ki-67, yellow or brown nuclear staining was 
considensd positive. Faint nuclear staining or cytoplasmic stain- 
ing was not considered significant. At least 500 cells were 
counted in high-staining density area in every component on 
eveiy slide. Two % po.sitive wqs used as the cutoff level for 
cyclin Dl and p^i^-^*^^^'^' (g, 9). and 3% positive for Ki-ff7, 
a.s suggested by Mommcrs et al, (9). 

Statistical Analysts. We recorded labeling indices of 
ARHl as 0 (DO expression). 1 (weak expression). 2 (moderate 
expression), and 3 (strong expression) fat statistical analyses, 
Ubeling indices of cyclio Dl, p21^^^'*="*\ and Ki-67 were 
recorded as a continuous variable. Wc used Wilcoxon signed- 
rank tests to compare ARHI expression in DCIS, invasive 
ductal carcinoma, and adjacent normal breast tissue. The 
McNemar used to compare discordance between 

ARHl immunostainiug and fSH. Paired t tests were used to 
compare mean labeling indices of cyclin Dl, p2l^'^^^'*^-^'^\ 
and Ki-67 between adjacent normal mammary tissue and 
DCTS and invasive ductal carcinoma in the same slide. All of 
the stadstical computations were performed using the Statis- 
tical Package for the Social Sciences (SPSS, Inc., Chicago, 
Illinois) and STATISTICA computer software programs 
(StatSoft, Inc., Tulsa. Oklahoma). A P below 0.05 was con- 
sidered statistically significant. 
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Table J Patient chqi-qcterii>liC3 

DCIS 



Characteristics 






Median age ai diagnosi^i (range) 


47 yr (27-74 yr) 




Race 




White 




44 


Biock 




6 


J-lispanic; 




8 






S 


Unknown 




1 


Median age at mcnatclic (C^A&i) 


13yrno-l6yr) 




Median age at ftni cbildbinh (range) 


23 yr (15-38 yi) 




Nuclear grade 




Grade 1 




2 


Crude 2 




24 


Grade 3 




3» 


Nccrofiis 






Absent 




22 


Focal 




IQ 


Extensive 




23 



lUElSCJLTS 

Patient Chflrvctvristlcs. Thz cbaracterLsUcs of the pa- 
tients whose specimens wen; analyzed are shown in Table I . 
White women constituted a majority. The median age at dlag- 
no^ds. cnedian age at menarche, and the median ugc Ht first 
childbirth were 47, iX and 23 years, respectively. There were 2 
grqde-1, 24 gradc-2, and 38 grade-3 DCTS lesions. Almost 
two-thirdi^ of ibc DCiS cases had either focal or extensive 
necrosis. 

AKHI £xpressiou in NB£, Adjuc^nt Normal Mammary 
EpitheUa, DdS, and Invasive Carcinoma. ARHI expres- 
sion wa$ concentruted in cytoplasm difftisely and rarely pj«- 
seated in the nucletu. In some cHses, positive Infimunohisto* 
chemical staining was foutul around part of the nucleus, as in the 
area of the Golgt body in the cytoplasm. By immunohistochem- 
ical analysis, all duct and lobular epithelia in three normal breast 
ti.K$ue Kpecimens showed strong ARHI expression. Similarly, 
ARHI expression in adjacent normal epithelia obtained from 
cancer patients showed strong positivity in 59 (92%) of 64 
C35CS. and weak positivity in otber 5 (8%) cases. No cu^e^; 
lacked ARHI exprc^^ion in adjacent nonnal q}itfaelial cells (Fig. 
2; Table 2). In contrast, ARHI expression was decreased in bodi 
IXiS and the invasive componenis. Thiny-nine of 64 (61%) 
specimcDs showed strong expression of ARHI in DCI5. and 9 
(39%) of 23 showed strong expression in the invasive cancer 
component. 

Down-RegulAtion of ARm Expression in DdS and 
Invasive Carcinoma. We observed a jstacisticaHy nignificant 
rcductfoD of ARHI expression In DCIS when compared widi 
adjacent NBE (P < 0 00001 ; Tabic 3 J. Twenty-six (41'jfc) of 64 
cases showed deci^^ied expre$$i<^n of ARHI in DCIS compared 
with adjacent normal epithelia. Thirty-eight Apecimenji (59%) 
<ihowed a similar level of expression both in DCIS and adjacent 
normal epithelia. None of the DCIS components showed stron- 
ger ARHI expression than that found in adjacent normal epithe^ 
lia. A similar pattern was observed when ARHI expression was 
conipaied between invasive components and adjacent normal 
epithelia. Of the 23 specimens that contained botli DCTS and 



inviiiive componente in the same slide, we ob.«iervcd furtlicr 
dcwrHrcgularion of ARHI expression in the invasive carcinoma 
component compared with adjacent normal epithelia {P < 
0.000001; Tabic 3). Sixteen (70%) of 23 specimens showed 
decreased expression of ARHT, Only 7 (30%) of 23 specimens 
showed similar intensity of ARHI staining In botli invasive 
cancer and adjucent normal epithelia. None of the invasive 
components showed srtrongcr expression of ARHI than was 
found in adjacent normal epithelia. We also compared ARHI 
expression between DCIS and the invasive component in the 
same slide and found a statisticaUy significant decrease in DCTS 
iP < 0,02). Six (26%) of 23 specimens showed decreased 
expression of ARHT in invasive cancer compared with adjacent 
DCIS. Seventeen specirnvns (74%) showed similar st$uning 
intensity in both invasive and DCIS component. Again, none of 
the invasive component showed stronger ARHI expression dian 
that was found in DCTS, Fig. 2 demonstrates that ARHT was 
highly expressed in the adjacent normal epithelia and down- 
regulated in DCIS lesions, and was further down-fcgulatcd in 
invasive cancer in a specimen from one patient that contained 
adjacent normal epithelia, DCIS. and invasive cancer. 

LnmuDohistodieniical Method Is Consistent with I$H. 
To confirm the pattern of ARHT expression in DCIS. we per- 
formed ISH in 64 cases using an ARHI-specific antiscnse probe, 
which resulted in a dark purple color in the cytoplasm, in which 
mRNA is expected to be localized. An ARHI raRNA sense 
probe was used as a negative control and antisense probes to 
GAPDH and RXR-oc were used as positive controls. Fiity-two 
cases bound GAPDH and RXR-cx antijicnse probes, indicating 
that the mRNA of the 52 cases was undegmded. The^e 52 cases 
were used for ISH analysis. The ARHI sense probes did not 
show positive staining, indicating that the hybridization of the 
antisense probc was specific. Posliive ARHI staining wiis also 
present on lymphocytes, blood vessels, fibroblasts, and stromal 
cells. iSH analysis in these 52 DdS cases revealed tliat ARHT 
was down-regulated at the level of mRNA in 22 (42% of 52). In 
the case depicted in Fig. 2. very similar ISH and IHC analysis 
results were observed. We compared discordance between 
ARHI tmmunostaining and ISH and found hi^ concordance 
between them (P > 0.75). consistent with the regulation of 
ARTTT at the level of transcription. 

Relationship of Cyclin DI, p21^*"^"*\ and Ki-67 
Overexpression to ARHI Down-Regulation in DCIS. To 
understand the role of ARHT in the proUfcration and progression 
of DCTS. wc also evaluated the expression of cyclin Dl, Ki-67, 
and p2] ^afi/cipi j„ ^^^^ specimens. £xpressioD of aO three 
markers was increased in DCTS when compared with adjacent 
normal epithelia. In Fig. 3, Strong expnsssion of cyclin DI, 
p2 jWAPt>ciHi^ and Kl-67 was found in a DCIS lesion, with very 
weak expression In normal epithelia in a Cuse in which ARHI 
was down-regulated. Relationships between cyclin Dt. 
p2i^vAHi/cipj^ and Ki-67 and ARHI expression are summarized 
in Tabic 4. In the ARHI down^regulation group, mean labeling 
indices for cyclin Dl (P < O.OOOOOl). Ki-67 {P < 0.000001) 
and p2l^^'-»«='*'» (P <r 0.006) were all significantJy higher In 
the DCTS than in adjacent normal epithelia. In the group wiih 
normal ARHI expression, mean labeling indices of both cyclin 
Dl (P < 0.000 and Ki-<)7 (/> < 0.000001) were also higher in 
DCIS lesions than in adjacent nonnal mammary epithelia. 
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Fi^. 2 Down-TcguJadon of 
ARHI Hi DCrS and iiwwtvc 
bnsswi cancer. IHC (using an 
anli'-ARHI monocle na) arlti^ 
body) and ISH (using ark ARMI 
untiflcnse probe) were per- 
formed in a case in which con- 
secutive hisiologica] sections 
wcnc from a single tissue block 
that included normal duct 
DCIS, und invasive carcinoma. 
An AltHI »cnsc probe was used 
as a negative control : it 
GAPDH anti sense probe wu.^ 
used 4i5 a mRNA quality coil- 
troJ. The figures show that t))9 
expression of ARHT mRNA 
^'tron^ly positive in adjacent 
narm2l duct and 1» progrci* 
sivcly Iwt in DCIS and inva- 
sive ca)>cef. IHC and l$h 
.showed concoitluni change. 
Arrowheadst the corresponding 
locddolu of ARH) expreAsion 
hi ttOnnnl epitheliuxn and can- 
ce» rtom different staining 
methods. X400. 



Tabh 2 ARHT exprct^sion in adjacent notinn^l tissue. DCfS, tind 
inva<)ivc breast cancer 





Adjacent 






Invasive 




nonnal 






brea.^ 




tissue 


DOS 


CQnccr 




(w 


= 64) 


(n 




(« = 23) 


ARID 


n 


% 


n 


% 


n % 


Ncf^tivc <— ) 


0 




2 


3 


4 17 




5 


8 


2% 


36 


10 44 


Positive r+H) 


39 


61 


20 


45 


6 26 


Positive (+++) 


20 


^1 


lU 


16 


3 13 



p2|WAPi/cipi up-icgulalsd in this group but the differences 
did not achieve fitatlAtic^l eigitificancc. Incrcfiscd expicssioo of 
cyclin 151 and p2l*''^'«="^i in DCIS is not r<*strictcd to 
the ARHI down-regutated group. Table 4 show* that there is 
a 3-fold increase of cyclin Dl and a 2.3-fold incrcftse of 
p2|V-'AJ'i/cipi expression iu DCIS (compared vjlxh adjacent tis- 
sue) ymong the ARHl-down-regulated group, and only a J.6- 
fold increase iiF cyclin Dl and a 1.8-fold increase of p21 
expression in the group that retjiinifi AKW exprc»!>ion. Mean 
labeling indices of Ki-67 were higher in DCIS lesion fs than in 
adjacent normal mammuty tissue, but no coircladon between 
ARHI expression status and elevated Ki-67 expression was 
found. Furthcrmotc, no significant differences in cyclin DJ, 



Tabfe S Compariiton of ARHI expression in DCIS. invasiye cancer, 
and adj»cignt norma] breast tissue 





No. of 


Mean 




^Hi expression 


specimens 


rank 




DCIS vs, adjaccnl nomoal lisJnie 






ARHI ExprB5.<tifln I ^ 


26 


13.5 


<0.0C10001 


ARHI Bxpression T 


0 


(1 




ARHI HxpiTMjion " 


3S 






Total 


64 






Tnvasive cai:cer vi\ adjacent nonnal tJEKiie 






ARHI Expies&ion i 


\€ 


a.5 


<0.000001 


ARHI Expression t 


0 


0 




ARHI Expiession » 


7 






Total 


23 






Invasive cancer vi. OCIS 








ARHI Expicstdon 4' 


6 


3.5 


<o.a2 


ARHI Expiession f 


0 


0 




ARHI Expresaion = 


17 






Total 


23 







" i* bused an Wilcox on signcd-ronlc test 
^ i . decreased; t « increased; simOar. 



Ki-^?, and p2i'^^''^"'* expression were fbund between DCIS 
and invasive carcinoina. 

DISCUSSION 

The development of breast cancer is a process that not only 
involves up-'negulation of proliferadon factors and acdvadon of 
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FiR. 3 Ovcrexprc$j!ion of cy* 
Clin Dl, p2lWAFix:i/-i^ 

Ki-67 ill DCTS by iniminiolns- 
tocticmical stairtiue. A/iii-cy- 
clinDJ,aiiti"p21'''^"''^'''''.imd 
ftntii'-K)»67 mOnucJon^ anti- 
bod)e5 wciv used id detect the 
I«ve1& or the Ihreo proteins in a 
Qftse ihiil included acUacent nor- 
mal duct and DCrS in the stumc 
dssue iicction. In fhi9 C49e. 
ARHI wag down-«fiuUtcd in 
DOS. X400. 



taem 




Ttihfc 4 Cyclin Dl, liCi67, and p2l expression fti DCTS, invasive 
cancer* and adjacent normal breast tissue stritttfled by 
ARHI expression 



Biomaii'cr 




Mean labeling 
index (%) 




P 


ARPn dOwn-reguJated 










CyclmDl 










Adjacent normal [n 


= 24) 


11.55 


2.65 


<o.oooooi 


DCIS (n - 24) 




3S.67 


4.53 




Kf67 










Adjacent nonnal (n 


- 24) 


1.42 


0.40 


<0.0fl0001 


DCIS Cn = 24) 




6.44 


1.03 




p21 










Adjaccn( normal in 


•25) 




1.78 


<0.006 


DCIS Cn = 25) 






2.65 




ARHI expressed 










Cyclin Dl 










Adjiiccnl DDrmal (n 


= 37) 


t7.88 


2.62 


<0.00t 


DCIS (/I = 37) 




29.34 


3.13 




Ki67 










Adjacent norniA] (n 


»37) 


1.02 


0.16 


<o.oooocn 


DCrS (n = 37) 




7.36 


iM 




p2| 










Adjaoem normal (n 


-37) 


4.14 


1.13 


>0.16 


Das (n = 37) 




7.75 


2.39 





oncogenes but also dysji^gulation or inhibitoty factors and loss 
of tumor suppressor gene functioti. Early abermtionj: in prolif- 
eration probably only slightly perturb the pathways activated by 
Ryftiernic hormones (estzogcn and progesterone) and local 
growth factors (i^ueh «s tumor growth factor*a and insalin^like 
growth factor 2). Tclomerd^c overexprcssion has been detected 
in the eailtest stages of brea$t cancer and likely contributes to 
ihc immortalization of breast cancer cells (10). The next steps in 
tumori genesis involve spontaneous gene amplification (such as 
HER'2 and cyclirt Dl\ LOII, and Aiutation^ C^PSB) that pro- 
mote genomic and chromosomal instability. Althougb Ras is not 
often mutated in hreu.st cancer, physiological activation of Ras is 
ircqucnrlY associated with malignant progression (II). 

DCIS of the brea^jl i$ n preinvasive stage of carcinoma in 
the process of multistep breast carcinogenesis that now accounts 
for —20-25% of mamiiiogniplUcany detected brea&t cancers 



(12). DCTS is a biologically and morphologically heterogeneous 
disease. If left untreated, a significant fraction of these tumors 
will evolve into invasive cancer. The molecular mechanisms of 
DCIS carcinogenesis include dysregulation of the cell cycle and 
changes of the apoptotic threshold. 

Several biomarkers, such as Ki-67 and cyclin Dl, huve 
been reported to correlate with the progression of breast cancer 
from DCIS to invasive carcinoma (4. 9). Hetv we report a new 
blomarker ARHI, the expression of which is associated with 
progiesslan of brea.st cancer. ARHIU a novel tumor suppressor 
gene in bieasc cancer, it encodes a small GTP-binding protein 
that belongs to the Ras/Rap superfainily. but that has the char- 
acteristics of a nimor suppressor gene despite 54-59% homol- 
ogy to the Ras piwo-oncogeneiii, ARHI re-exprcssion blocks 
hercgulin stimulation, truncates signaling through mitogeo- 
activated protein (MAF) kinase, activates JNK, induces 
p2jWAFi/c:ipi^ and down-regiilatcs cyclin Dl promoter activity 
(Ref. 2 and Yu et ai),^ Hi.saiomi ef al (13) reported ARHI 
expression was lost or markedly reduced in 12 (46%) of 26 
breast cancer tissue samples. Although their .<4uUy has shown the 
importance of ARHI tnactlvatlon In bfea(;t tumor pathogenesis, 
the technique ihty used is rcul-tiroc PCR. in which die expres- 
sion level in tumor tissue may mix with normal tissue. In this 
study, both IHC and XSH were used to evaluate ARHT expres- 
sion in breast cancer tissues which contain adjacent normal 
tissue, DCiS, and invasive cancer in the same section. Consist- 
ent results weic obtained from both techniques. ARHI Is ex- 
pressed in normal breast epithelial cells but is dramatically 
down-regulated in more than 60% of breast cancers. Lo$$; of 
ARJil expression has been linked to ninior progression flora in 
situ to invasive diseafie. 

The cell cycle-regulatory gene, cyclin Dl, plays a critical 
role in (he growth <md progression of several types of human 
cancer, including breast cuncer. Several studies have shown thai 
cyclin Dl is frequently overexpnssKed in human breast DCIS 
Specimens (9, 13), which confers a high risk for the develop- 
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Y. Yu. R. Z. Lun, and X Fang, unpublished observadons. 



PA6E718' RCVD AT 12(1412005 12:12:10 PM[Eastein StanilardTiine]'SVIlUSPTO{F](RF-6l2t' im^^^ (niiihss):05-12 



^2/14/05 WED 09:07 FAX 228 9446 
3666 ARHr Expression in DClS of the Breast 



KLARQUIST SPARKJIAN 



iiooa 



mcDt of infiltratino duciiil carcinoma. In t\n& study, we com- 
pared uyclin Dl and ARHI expicfision ifl t)ClS samples. Wi? 
found cyclin DI level was higher in DCis lesions thun in 
adjacetn normal mammary cpithclia in more than 80% tunas, 
Interestiagly, Itowever, mean labeling indices of cyclin Dl were 
much higher in DCiS lesions than in a^acent normal mammaiy 
^j(heliii in the ARHl down-regulated group; as compared with 
the ARHI normal expression group; thi$ inclicacod that ARHI 
dowD-rcguIadon did correlate, with enhanced, cyclin Dl expres- 
sion in DCIS, which is in contrast to expe^i^tatigns bused on tbc 
effect of ARHI on cyclin Dl promoter activity in eeH culture 
(2). iu the in situ le35ion.s cyclin Dl may be amplified at die 
genomic level and no longer susceptible to transcriptional ceg- 
ulation by ARHl. j 

p2iWAFi/ciri^ an inhibitor ol*cydin-dependentlcinai«;s, is a 
critical downstream effector in the p53-sF^ecific pathway of 
growth control. p2l^'^^'''^"'' can also boj induced by p53- 
indcpendent pathways dunng terminal diflercntlation. We have 
reported that rc-cxpression of ARHI irtducejt p2\^^^^^^^ (2), 
Tn thi8 study, wccxaminod the expression level of p21^^"'^'^' 
in DCIS samples. We observed that the p21^^"'«='P^ level was 
increased in 41 9L of DCIS cases when compared wiA adja- 
cent norroal tissue^s. In the nsmaining 59% of DCIS cases, 
p2iWAin/cii'i j^Yel either was down-regulalc^ (15%) or was not 
significandy different (449fc). Signincani intrc*»s«> of the ex- 
pression of p2I^^^''*^»^'^ in DCTS were observed in ca5ies with 
decreased ARHI expression (P < 0.006) b^t not in the cajses 
with normal ARHI expression (P > 0,1 6).! There arc several 
reports of p2l^'^>'^^'"'' histochemical staiiiing in DCIS, Al- 
though the differences in the reported freque&ey may reflect the 
differences in the antibodies used, the ininiunohistochemical 
methods, and the positive cutoff points, pol^^^*'^"'^ overex- 
pression in DCTS is common. Monuners e/^ (8) had shown 
49-50% oveittxpression of pSl^'^^^^"'^ in DCIS and 17-31% 
in invasive cancer. Qh etal (U) found that! 33 (67.3%) of the 



49 DCIS cases were positive for p2l;' 



protein. 



p2r 



expi'ession was significantly tielaced to well-dif- 



ferentiittcd histological grade, negative p53f and the presence of 

estrogen receptor. Barbaresehi et al (15) fowiid high expression 

of p2i^^'i^»^' in DCIS and invasive bre^s^ eanccr. Rcy et qL 

(16) found that pai^^'i^'*'^ is associated with cyeUn DI 

expression, suggesting that p21^'^^'^'''' oi^^rcxpression is an 

early event in breast carcinogenesis that precedes stromal infll- 

tration. Our observations in this study are similar to these 

reports. The cortelation of ARHI ;ind p2 I^-^^^Pi In DCIS and 

breast cancer needs to be addressed ftiither in la^er !^cudies that 

take into account the functional status of pSSL one of the induc^ 
efSofpir^FWCiPi^ [ 
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